Abstract. The thin film PVA (polyvinyl alcohol) -bromocresol green (∼15µm) dosimeter was made for the applications in radiation technology. It's parameters before and after gamma irradiation have been studied using optical spectrometer UV-VIS JASCO-V-350 and film densitometer X-Rite Model 301. The results show that the specific wavelength of thin film is ∼ 625nm and the sensitivity of thin film dosimeter is ∼ 0.013 × 10 −3 Gy −1 in the dose range from 1 kGy to 140 kGy. The dose response function of dosimeter was clearly described by the theory of energy transfer model.
I. INTRODUCTION
Polyvinyl alcohol is excellent matrix for radiochromic centres and widely used for high dose dosimetry purpose [1] [2] [3] .
An important feature of a dosimeter is its dose-response, which is often expressed as a set of exposure calibration factor at different absorbed doses. A desirable characteristic of dosimeter must be the minimal variation in sensitivity over a wide range of doses.
The clear PVA films were studied for high dose dosimetry in [4] . The dyed PVA films with multi-wavelengths in absorbance spectrum were also studied [5, 7] .
In present work the dose-response of PVA film dyed by bromocresol green is introduced. The sensitivity of the film is determined in a wide range of doses.
II. DOSE-RESPONSE OF THE FILMS
According the energy transfer model, an interested dosimeter is considered as a collective acting aggregate of numerous identical radiation sensitive elements. These sensitive elements are uniformly distributed in the dosimeter [6] .
The gamma irradiation leads to the formation of activated elements from the sensitive ones. The correlation between number of activated elements n(D) at absorbed dose D, dose rate D and the number of the radiation sensitive elements C can be written as follows:
and
where k 0 is the probability that one sensitive element will be activated and detectable per unit of time in irradiation process; n s and n 0 are the numbers of activated elements at D = ∞ and D = 0, respectively; p and q is probability that one sensitive element will be activated and reactivated per unit of time, respectively and
The formula (1) is the dose -response of the film dosimeter in the electron equilibrium during irradiation. Note that the activated elements n(D) is proportional to the film absorbance and optical density, that Eqs. 1-3 are also applied for these mentioned parameters.
The dose-response of the films can be also described by the theory of track structure:
where D 37 is the dose at which dose -response get 63 percent of saturation level. It is show that
III. EXPERIMENTAL
Polyvinyl alcohol (-CH 2 CHOH-) 1500 was dissolved in ionized water. The mixture was added by 0.005g bromocresol green C 21 H 13 Br 4 O 5 S, heated and stirred at 80 0 C for 30 min to make a homogeneous solution containing 1.5 percent PVA by weight. The resulting mixture was poured on a flat glass plate to form 15 -20µm thick film by naturally drying at the room temperature.
The films of 3 pieces with the size of 40x10mm are prepared and put in polyethylene pouches for use.
The pouches of dyed PVA films were irradiated under gamma rays of 60 Co source of the Irradiation Centre in Cau Dien district. Irradiation was carried out at doses from 1kGy to 140kGy with dose rate of 0.9kGyh 1 . The electron equilibrium was achieved by using PMMA sandwiched slabs.
The absorbances A 0 and A c of the films before and after irradiation respectively were measured by spectrophotometer UV-VIS JASCO-V-350 (JASCO, Japan) with wavelength accuracy ± 0.2nm. The film densities were measured by the densitometer X-Rite Model 301.
A ratio of specific absorbances A R is used for correction of film thickness variation
where t is thickness of the film. The sensitivity of the film is defined as follows:
IV. RESULTS AND DISCUSSION
Study on fading effect (reducing effects of optical density against time)
To investigate the stability of the dose-response after the end of irradiation, the PVA bromocresol green films are preserved at the environmental temperature and humidity. Then the optical density of each sample was measured against time to evaluate degradation of the dose-response. This examination takes place within 30 days.
The test results decline optical density of a PVA-bromocresol green film in 80 kGy dose given in Fig. 1 The graph shows that the optical density decreases during the first 10 days and then it is relatively stable. The degradation curve was exactly described by the typical function of the energy transfer model, so dosimeters can use any period after irradiation [6] .
Absorption spectra and doses response of PVA film bromocresol green
The specific absorption spectra of the PVA film dyed by bromocresol green before and after irradiation at D = 40 kGy are introduced in Fig. 2 and Fig. 3 .
Generally, the values of the specific absorbance peaks at 625 nm are strongly decreased against doses (Figures 4-5) . The above figure show the absorption spectra near the specific peak of PVA-bromocresol green films before and after irradiation, i.e. from 0 kGy to 140 kGy. The corresponding specific absorbance values are changed from 0.425 to 0.295. The experimental optical densities before (OD) 0 and after irradiation (OD) c , as when as a ratio (OD) R = (OD) c /(OD) 0 of the PVA-bromocresol green films are introduced in Table 1 .
The fitting of the value OD from Table 1 to Formula (1) provides the dose-response of PVA-bromocresol green films with following coefficients: n s = 0.489 ± 0.020, n 0 = 1.142 ± 0.008, k = 0.014 ± 0.001, R 2 = 0.987. The correlation coefficient R 2 ≈ 1 shows a good agreement between the experimental data and theoretical description. 
V. CONCLUSION
The PVA-bromocresol green films with defined dose-response can be used as highdose dosimeter and monitor. It's dose-response under gamma irradiation described by the energy transfer model with the sensitivity k = 0.014 ± 0.001 kGy −1 .
